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Abstract 
This paper deals with the fabrication of WC-12wt%Co and Yttria-stabilized Zirconia coatings fabricated using Atmospheric 
Plasma Spraying technique.The Microstructural Characterization of the coatings was carried out using Scanning electron 
microscope(SEM).Potentiostat was employed to perform corrosion testing for the bare substrate and the coatings in 5 wt %Nacl 
solution. The adhesion between the coating and the substrate was assessed using Scratch testing machine. The results suggested 
that WC-12wt%Co coating offered enhanced Corrosion and Scratch resistance when compared to that of the Yttria stabilized 
Zirconia coatings. This enhancement could be mainly ascribed to the presence of few amounts of interconnected pores and hard 
tungsten carbide particles embedded in the cobalt matrix. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
WC-Co and Ytria-stabilized Zirconia coatings have paid much attention in the field of  power plant sectors and as 
thermal barrier coatings in gas turbine applications as theyexhibitexcellent wearresistance and Fracture toughness 
(Basak et al; 2012, Xiao-Qin Zhao et al;2006;Li et al; 2004). Besides this, these coatings must also exhibit excellent 
corrosion resistance when it is being employed on the ship structures in marine atmosphere (Li-Jun Wang et al; 
2013).Yang et al have reported that there has been a drastic reduction in the specific wear rate of WC-12%Co 
coating at elevated temperature when they are allowed to slide against the alumina ball (Yang et al; 2006). 
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It is obvious from the studies carried out by Lima et.al that the adhesion between the coating and the substrate has 
an influential effect on the enhancement of the cavitation erosion resistance of thermally sprayed WC-Co coating 
(Lima et al;2004).Wang et al have performed nanostructured Yttria-stabilized Zirconia coatings on steel substrate 
and effectively improved its abrasive wear resistance (Wang et al; 2000). Despite the fact that, extensive studies 
were carried out on enhancing the wear resistance of the stainless steel substrate,very meager research works have 
been performed with regard to the corrosion and scratch behaviors of the WC-Co and Yttria-stabilized Zirconia 
coatings. Hence, the present work emphasizes on the Corrosion and Scratch behaviors of the WC-Co and Yttria-
stabilized Zirconia coatings made on Stainless steel substrate and the results of which are comparedand discussed in 
detail. 
2. Experimental 
2.1. Coating preparation and its Characterization 
A 9 MB Metco plasma spray system (80 kW) was used to depositYttria-stabilized ZrO2and WC-12wt%Co 
coatings on stainless steel substrate.Prior to plasma spraying,grit blasting was performed on stainless steel substrate 
using cabinet type grit blasting machine (Sandstorm equipment, India).The optimized parameter which yielded best 
coatings are depicted in table 1. 
The microstructure of the starting powder and the coatings was studied using Scanning electron microscope 
(SEM) attached with Energy Dispersive X-ray analysis(EDAX). The porosity of the coatings was carried out on the 
micrographs using Material-Pro software coupled with Optical microscope.Micohardness measurements were 
carried out on the cross section of the coated samples by using micro Vickers hardness tester(Chennai-Metco) by 
applying a load of 200g. 
 
Table 1.Plasma spray parameters used for depositing WC-12 wt%Co powder 
Parameters ZrO2 Coating WC-12 wt% Co Coating 
Plasma Current (A) 700 750 
Plasma Voltage (V) 60  80 
Ar gas flow pressure(NLPM) 48 48 
H2 gas flow pressure(NLPM) 10 10 
Carrier gas flow (psi) 60 60 
Spray passes (No) 4  4 
Spray distance(cm) 10  10 
 
2.2. Electrochemical corrosion test 
Electrochemical experiments were performed using Potentiostat (Gill AC, ACM make) in a 5 wt% NaCl solution 
at room temperature. A saturated calomel electrode and a platinum foil(10 mmx5mmx0.5 mm) were used as a 
reference and auxiliary electrodes respectively. The exposed area of the sample was about 0.06 cm2.The Open 
circuit potential(OCP) – time measurement was carried out for one hour until a steady open circuit potential at a rate 
of 0.166 mV/S was obtained. The corrosion current density (Icorr) and Corrosion potential (Ecorr) of the samples were 
calculated by using Tafel slope method.  
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2.3. Scratch test 
Adhesion testing was performed using a commercial automatic scratch tester(Ducom, Bangalore India) equipped 
with a Rockwell C diamond stylus (200 μm radius). Scratches were performed by applying linearly increasing load 
for an interval of 10 mm. The linearly increasing load is applied from 20N to 200N at an increasing load of 10 
N/mm with the horizontal speed of 0.5 mm/s. 
 
 
3. Results and Discussion 
3.1. Microstructural Characterization of Coatings 
Fig.1 (a) shows the SEM micrographs of the as sprayed WC-12wt%Co coating. It clearly shows that the tungsten 
carbide particles are homogenously distributed in the cobalt matrix and it is well bonded together. This is well 
evident from the cross sectional micrographs of the coating (Fig.1 (b)). EDAX analysis confirms the presence of W, 
Co, Cr and C.The appearance of the intense tungsten peak is attributed to the substantially higher dissolution of the 
tungsten carbide particles associated with the de-carburization from this region. Few pores and micro cracks were 
also observed on the coatings. On the other hand, the surface morphology of the yttria-stabilized Zirconia coating 
illustrates the presence of more amounts of fully melted zones with few poorly consolidated particles with large 
number of pores (Fig.2(a)).This is mainly due to the lower heating rate in the plasma torch and high momentum of 
the starting powders. The cross sectional image of zirconia coating depicts poor adhesion of the coating with the 
substrate (Fig.2 (b).  
There has been a remarkable improvement in the hardness of WC-12wt%Co coating when compared to that of  
the ZrO2 coating. This is due to the presence of hard tungsten carbide particles embedded in the soft ductile cobalt 
matrix and low porosity. Conversely, the presence of poorly consolidated particles in the Zirconia coating has 
resulted in lower hardness.The micro hardness and the porosity of both the coatings are depicted in table 2.   
 
 
 
 
                                (a)      (b) 
 
Fig. 1(a)SEM micrographof WC-12wt% Co coating; (b) Cross sectional view of WC-12wt% Co coatin 
Tungsten 
carbide  
Pore Coating 
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Fig. 2(a) SEM micrograph of Yttria -stabilized ZrO2 coating; (b) Cross sectional view of Yttria- stabilized ZrO2 coating 
 
Table 2.Microhardness and Porosity of Coatings 
 
Coatings Porosity              Hardness 
 (%)                      (HV)0.2 
 
Yttria-stabilized  ZrO2 
 
4.25                       727±7 
WC-12wt%Co 1.75                     1018±3 
  
Cracks 
Coating 
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3.2. Electrochemical behavior 
Potentiodynamic polarization curves for all the three samples are shown in fig.3.It is well evident that among the 
three samples, WC-12wt%Co exhibited the highest corrosion potential indicating better passivation. Also, it is 
obvious that the corrosion current densities of all the three samples increase with increase in corrosion potential. 
However, the WC-12wt%Co coating has undergone passivation at the lowest current density thereby offering 
enhanced corrosion resistance. This is attributed to the presence of few interconnected pores and very hard tungsten 
carbide particles dispersed in the cobalt matrix. On the contrary, the lower corrosion resistance of the yttria- 
stabilized zirconia coating is due to the large amount of pores and cracks observed in the coating.The Ecorr and Icorr 
values of all the three specimens are depicted in table 3. 
 
Fig.3. Potentiodynamic polarization curves for coatings and bare substrate obtained in 5 wt% NaCl solution 
 
Table 3.Corrosion test results 
 
Sample Ecorr 
(mV) 
Icorr 
(PAcm-2) 
 
 
Stainless steel substrate 
 
-203 
 
11.3456 
 
Ytria stabilized ZrO2 -175 8.7536  
WC-12wt%Co +37 
 
0.5183  
Bare stainless steel substrate  
Yttria-stabilized 
ZrO2coating 
WC-12wt%Co 
coating 
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3.3. Scratch test result 
   Fig.4. shows the scratch tracks of the Yttria-stabilized zirconia and WC-12wt%Co coatings.Among the two 
coatings, the scratch track of Zirconia coating was found to be broader indicating severe damage to the coating. 
Also, few particles were dislodged from the coating. This is mainly due to the presence of poorly consolidated 
particles and few cracks in the coating. On the other hand, the scratch track of WC-12wt%Co coating was found to 
be narrow and has undergone slight damage and few debris were accumulated at the edges of the scratch 
grooves.This is due to the presence of hard tungsten carbide particles embedded in the soft ductile cobalt 
matrix.Thus the above results are well correlated with that of the cross sectional SEM images of the coatings 
depicted in figs 1(b) and 2(b).   
 
 
Fig. 4.Scratch tracks of (a) Yttria-stabilized ZrO2 coating (b) WC-12wt% Co coating 
4. Conclusions 
In the present study, the WC-12wt%Co and Yttria-stabilized Zirconia coatings were prepared on to the stainless 
steel substrate using Atmospheric Plasma spraying. The following conclusions were derived. 
 
(1) WC-12 wt% Co coating exhibited highest corrosion resistance when compared with that of the Yttria-
stabilized ZrO2coating and this is attributed to the presence of very few pores observed in the coating. 
(2) The width of the scratch track of WC-12wt%Co coating was found to be very small thereby indicating 
better scratch resistance when compared with that of the Yttria-stabilized ZrO2coating. This is due to the 
distribution of hard tungsten carbide particles in the soft ductile cobalt matrix. 
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